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INfTROOUCTION 


Predictions  are  that  present  day  explosives  and  propellants  will  fail  to  meet 
future  battlefield  demands.  As  both  aerial  and  ground  targets  beconit  difficult  to 
defeat,  a  new  generation  of  energetic  materials  will  be  needed.  These  new  cornpcund' 
will  have  to  exceed  1 ,3.5-triniiro-1 ,3,5-lriazacyclohexane  (RDX)  and  1,3,5,7- 
tetranitro-1 ,3,5,7-tetraazacyclooctane  (HMX)  in  performance  while  still  remaining 
insensitive.  Energetic  materials  which  are  hazardous  to  handle  and  sensitive  to  external 
stimuli  will  be  of  little  value  in  the  dangerous  battlefield  environment.  Because  large 
quantities  of  explosives  and  propellants  are  stored  and  handled  in  the  close  confines  of  a 
ship,  the  problem  of  sensitivity  is  especially  important  to  the  Navy.  In  an  effort  to  meet 
these  requirements,  we  chose  to  investigate  the  synthesis  of  1 ,4•dinitro-[3,4-b^ 
[3,4•e]-difura2anopipera2ine  (1)  with  the  predicted  preponies  as  compared  to  RDX 
and  HMX  (Reference  1). 


1  RDX  HMX 


i 

BOX 

HMX 

Density  (g/cc) 

2.00 

1 .82 

1  .90 

Detonation  velocity  (km/s) 

9.7 

8.75 

9.15 

Detonation  pressure  (Kbar) 

450 

390 

393 

Isp  (s) 

266 

... 

264 
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RESULTS  AND  DISCUSSION 


We  initially  envisioned  the  construction  of  this  linearly  fused  tricycle  (1)  to 
start  with  the  reaction  of  3.4-dlaminofurazan  (2)  and  cyanogen  oxide  (3) 
(Reference  2)  to  give  the  dioximinofurazanopiperazine  (4).  Ring  closure 
(References)  utilizing  sodium  hydroxide  In  ethylene  glycol  at  150®C  was  expected  to 

SCHEME  1 


■N02*- 

yield  5  (Scheme  1).  Nitration  of  amine  5  would  give  1.  The  condensation  reaction  of  2 
and  3  failed,  presumably  due  to  the  poor  nucleophilic  r;haracter  of  the  electron-deficient 
amine  nitrogens  of  2  (Reference  4).  An  attempt  to  generate  the  dllllhio  anion  of  2  by 
treatment  with  either  n-butyl  lithium  or  tort-butyl  llinlum  followed  by  treatment  with 
cyanogen  oxide  also  failed  lo  produce  any  of  the  desired  condensation  product  4, 

The  strong  electron  withdrawing  nature  of  the  furazan  moiety  greatly  reduces  the 
reactivity  of  the  amine  nitrogens,  Wo  believed  that  If  an  eleclron-donatlng  alkyl  group, 
such  as  Isopropyl  or  cyclohexyl  were  attached,  the  nucleophlllcity  of  these  nitrogens 
would  be  increased.  To  this  enrf  (Scheme  2),  we  treated  the  appropriate  amines  {6a  and 
b)  (References  2  and  3),  with  dichloroglyoxime  (7)  in  refluxing  tetrahydrofuran 
(THF)  giving  the  corresponding  substituted  dlamlnoglyoxlmeo  (8a  and  b)  in  near 
quantitative  yields.  Ring  closure  of  8b  or  b  would  give  the  activated  diamino-furazans 
9a  and  b.  Compounds  of  typo  0  would  bo  transformed  into  1  following  a  similar  series 
of  reactions  as  outlined  In  Scheme  1,  Unfortunately,  the  desired  dehydratlvo  ring 
closure  of  8  did  not  occur.  DIoxImes  8a  and  b  failed  to  close  lo  furazans  e  using  a 
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SCHEME  2 


4  eq  R-NH2 
6a  B  s  isopropyl 
6b  B  a  cyclohexyl 
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THF^ 

reflux 


HON 


R  — N 
I 
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VY 


NOH 


N— R 
I 

H 


8a,  b 


Ring 

closure 


14a,  b 


9a,  b 


variety  of  dehydrative  conditions,  i.e.,  NaOH  at  150“C,  dicyclohexylcarbodiimide,  or 
P2O5.  Attempts  to  convert  8  to  furoxans  (10)  using  potassium  ferricyanide  (Refer¬ 
ence  3)  also  proved  fruitless. 


8a,  b 


K3Fe(CN)6 

NaOH 


literature  reports  claim  successful  furazan  and  furoxan  formation  of  this  type 
only  when  the  amine  nitrogens  of  diaminoglyoximes  were  fully  substituted 
(Reference  3).  No  explanation  was  given  for  these  results.  To  circumvent  this 
problem,  we  attached  benzyl  groups  to  the  amine  nitrogens,  which,  after  ring  closure, 
could  be  removed  by  hydrogenolysis  (Reference  5)  (Scheme  3).  Dichloroglyoxime  (7) 
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4  eq 


> - N— R  + 

11a  R  =  isopropyl 
1 1  b  R  =  cyclohexyl 


SCHEMES 


HON. 


R  — N 
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vr 


NOH 
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N  — R 
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G 


12a  R  =  iPr 
12b  R  =  cyclohexyl 


9  1 3 

was  treated  with  the  substituted  amines  (I1a  and  b)  in  refluxing  THF  to  yield  the  fully 
substituted  diaminoglyoximes  (12a  and  b).  Ring  closure  to  13,  employing  the  methods 
described  above,  again  failed.  The  probable  reason  for  this  lack  of  reactivity  is  severe 
steric  congestion  hindering  rotation  about  the  bond  between  the  two  oxime  functionali¬ 
ties.  Before  furazan  or  furoxan  formation  can  occur,  the  oximes  must  achieve 


R  R 

coplanarity,  ''^c  and  NMR  show  a  much  more  complicated  set  of  signals  than  antici¬ 
pated.  In  12a  the  isopropyl  methyls  appear  as  a  doublet  of  doublets  and  the  benzyl 
methylenes  as  an  AB  quartet  (see  Experimental  Section).  Figure  1  shows  the  benzyl 
methylenes  ’H  signal  at  various  temperatures.  Even  at  140'’C.  the  signal  is  quite  broad. 
If  there  were  the  necessary  rotations  about  all  bonds,  all  four  benzyl  protons  would 
appear  as  a  sharp  singlet.  The  NMR  data  indicated  that  this  molecule  adopts  a  rigid 
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conformation  which  precludes  rotation  about  the  central  o  bond  rendering  it  inert  to 
furazan  or  furoxan  formation. 


H  H 


140«C 


130«C 


120°C 


100°C 


PPM 

FIGURE  1.  Variable  Temperature  Study  of  Benzyl  Protons  of  Compound  12a. 

Using  a  shorter,  although  inefficient  method,  we  were  able  to  form  9a. 
Diaminofurazan  (2),  upon  treatment  with  a  mixture  of  acetone  and  sodium  borohydride 
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in  acetic  acid  (Reference  6)  yielded  modest  amounts  of  N,N’-diisopropyl-3,4- 
diaminofurazan  (9a). 


Acetic  Acid 

2  9a 


Similar  reaction  with  cyclohexanone  gave  9b  but  only  in  very  low  yield  after  extensive 
purification.  Much  to  our  dismay,  however,  direct  reaction  of  9a  and  cyanogen  oxides 
failed  to  give  any  trace  of  148.  Addition  of  sodium  bicarbonate,  sodium  carbonate,  or 
sodium  hydroxide  did  not  induce  reaction.  The  addition  of  an  electron-donating  alkyl 
group  did  not  sufficiently  activate  the  amine  nitrogens. 

A  new  synthetic  method  was  examined  (Scheme  4).  The  a-diketofurazano- 
piperazine  (15)  is  available  from  the  condensation  of  oxalic  acid  and  2  (Reference  7). 

SCHEME  4 


Treatment  of  15  with  hydroxylamine  was  expected  to  give  the  dioxime  4  which  would 
then  be  converted  to  1 .  Unfortunately,  even  under  very  forcing  conditions,  a  large 
excess  of  hydroxylamine  hydrochloride,  base,  prolonged  reaction  times,  and  elevated 
temperatures,  no  evidence  of  desired  oxime  formation  was  seen. 

Gasco  and  coworkers  report  that  15  exists  as  a  pair  of  tautomers  in  equilibrium 
(Reference  7).  Under  the  conditions  used  for  oxime  formation,  it  may  be 


1  5 
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that  the  equilibrium  shifted  exclusively  to  the  right  rendering  the  molecule  Inert.  If 
this  tautomerization  could  be  blocked  by  affixing  an  appropriate  group  to  the  piperazine 
nitrogens,  we  believed  it  could  then  be  possible  to  form  the  desired  oxime  as  outlined  in 
Scheme  5.  Amides  are  known  to  N-alkylate  (Reference  8)  if  treated  first  with  a  sodium 


SCHEMES 


15 


N-aikyiate 


R 


g  not  possible 


14a,  b 


1 


base  followed  by  an  alkylating  agent.  Alkylation  of  15  was  attempted  by  generation  of 
the  disodium  salt  and  subsequent  addition  of  isopropyl  bromide.  We  chose  the  isopropyl 


1  5 


(1)  Na  Base^  g 

’(2)''CnJ  „  . 

R  .  isopropyl 


T 


1 


group  because  if  16  could  be  converted  to  17.  the  isopropyl  appendages  could  then 
possibly  be  nitrolyzed  off  (Reference  9)  to  give  1.  The  bases  tried  were  sodium  amide, 
sodium  bicarbonate,  and  sodium  hydroxide.  Upon  acidic  workup,  only  unreacted  15  was 
recovered. 


We  next  attempted  to  silylate  15  using  trime’hylsilyl  chloride  and  i.midazole  or 
triethyiamine.  If  silyl  enol  ether  (18)  were  treated  with  fluoride,  N-alkylation  may 


TMSCI 

Base 


TMSO^^N 

TMSO^'^N 


(2)  Alkyiate 


1  8 

have  been  possible.  No  silyation  was  observed.  In  every  attempt,  only  unreacted  starting 
material  was  recovered. 
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We  turned  our  attention  to  a  new  approach  to  16  (Scheme  6).  Diaminofurazan 
(2),  upon  treatment  with  benzaldehyde  or  p-anisaldehyde  in  refluxing  benzene 

SCHEMES 


HgN 

H2N 


N 

\ 

O 

/ 

N 


2 


0CHO  or 


H*,  Benzene 
80“C 


\  NaNH4 

JL  /  THF 

MeOH 


19a  R=-^ 

19b  R=  OMe 


NaHCOa 


R 


containing  a  catalytic  amount  of  p-toluene  sulfonic  acid  (Reference  10),  gave  the 
unstable  imine  (19),  which  was  reduced  (Reference  10)  in  situ  with  sodium 
borohydride  to  9c  and  d.  Using  high  dilution/slow  addition  techniques,  9c  was 
condensed  with  oxalyl  chloride  (Reference  12)  to  yield  the  desired  disubstituted 
diamide  (16c).  The  benzyl  group  was  chosen  because  it  was  seen  as  being  more 
versatile  tfian  the  isopropyl  functionality.  Whereas  the  isopropyl  group  was  viewed  as  a 
nitrolyzable  entity,  a  benzyl  group  was  thought  to  be  not  only  nitrolyzable  but  also 
removeable  by  catalytic  hydrogenation  (functioning  as  a  protecting  group)  eventually 
yielding  the  free  amine  5.  With  no  tautomerization  possible,  16  was  treated  with 
hydroxylamine.  No  oxime  formed.  Again,  using  the  forcing  conditions  discussed  above, 
only  unreacted  starting  material  was  isolated.  Comparable  reactions  with  9a  and  9d 
were  not  attempted. 

After  this  disappointing  result,  a  longer  synthetic  route  was  investigated 
(Scheme  7). 
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SCHEME? 


This  strategy  employs  generation  of  an  anion  (22)  a  to  a  siabll*ilng  nitroiaming 
(Reference  13).  The  anion  would  then  be  treated  with  iioamyl  nitrite  to  form  the  culme 
23.  Protection  of  the  oxime  followed  by  a  repeat  of  the  base  and  Isoamyl  nitriiu  treiil 
ment  was  predicted  to  give  the  1,2-dloxlme  (24),  Ring  closure  of  24  and  ntirolyel*  or 
oxidation  of  the  nitroso  groups  would  yield  nltramlne  (1). 

Furazanopiperazlne  (20)  (Reference  2b  and  c;  when  treated  with  an  oxr.eis  f 
nitrous  add  gave  dlnitrosoplperazlrie  21.  Wo  we'e  confident  that  geDvraiion  of  li 
anion  a  to  the  nitrosamine  functionality  of  22  was  accompllitied  using  a  variety  c 
bases,  i.e.,  lithium  dllsopropyl  amide,  lithium  hexamelhyl  dllllazlde,  or  polaibiun. 
hexamethyidlsllazide  (Reference  13c).  Howover,  the  anion  Is  very  stable  Mnd  inert  to 
electrophilic  attack  by  isoamyl  nitrite  to  form  oxime  23.  Allernpls  fo  unmask  the  aniun 
with  combinations  of  THF,  hexamelhytphosphoramide  (HMPA),  and  tetramtihylnihyl 
enediamlne  (TMEDA)  failed  to  Induce  Ihe  dealred  read  If  THT,  MMHA,  TMI.UA  a 
large  excess  of  isoarnyl  nitrile,  and  elevaled  temperatures  were  used,  the  reaction 
mixture  decomposed.  ''H  NMR  revealed  a  complex  aet  of  vinylic  signals  whlcfi  may  fiavo 
resulted  from  an  E2  elimination  (Reference  14)  of  Ihe  anion  to  form  25.  Wu  wgt(i 
unable  to  isolate  any  idoniltlablo  compounds  from  the  reaction  mixture. 
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d.'fliazide,  lodium  bicarbonate.  Irlethyl  amine,  and  diisopropyl  ethyl  amine.  Generation 
at  the  dianlon  of  9d  with  n-butyl  lithium  followed  by  addition  of  cyanogen  oxide  (3) 
produced  14d  in  much  lower  yield  than  corresponding  14c.  N,N‘'Diisopropyl-3,4- 
dlaminofurazan  was  converted  to  I4a,  but  again  in  much  lower  yield  than  9c.  This 
reault  la  moat  likely  caused  by  steric  repulsion  of  the  isopropyls  in  the  anionic 
condensation  with  3.  Note,  however,  that  the  condensation  of  dianions  9a  and  9d  were 
riot  always  reproducible.  The  reason  for  these  failures  could  not  be  determined. 

Analogous  condensailona  were  tried  with  N.N'-dltosyl-3.4'diaminofurazan 
(9a).  The  loiyl  group  was  thought  to  be  useful  because  if  condensation  occurred  to  give 
14e  followed  by  dehydration  to  26a,  the  tosyl  groups  could  be  nitrolyzed  to  the 
nltramlna  1  or  removed  to  yield  the  free  amine  5.  Ditosylato  (9a)  was  made  by  addition 
of  loiyl  chlorlda  to  2  (Referei  ^e  IS)  in  pyridine  at  0”C.  The  crude  reaction  mixture 
conialnad  a  mixture  of  lot  ates.  N,N‘-Oltosyl-3,4-cliamlnofurazan  was  isolated  only 
after  rupaaled  racrystalllzaiicn  from  ethanol.  Condensation  of  9e  with  cyanogen  oxide 
proved  to  e  axiremet/  difficult.  A  number  of  bases  were  used  which  resulted  in 
decomposition  of  9a.  A  small  amount  of  I4a  was  formed  when  2, 2,6,6- 
lairamelhylllthioploeradlde  was  used.  However,  I4a  was  difficult  to  purify  and  obtain 
In  any  roasonablo  quanii'y. 


A  simitar  strategy  was  attempted  by  affixing  silyl  groups  to  2.  If  a  l,4-di3iiyl 
darivativa  ol  20  ojuld  ba  formed,  then  direct  nitration  might  be  accomplished  by  treat¬ 
ment  with  nitronlum  tctrafluorotxirati  (Reference  16).  However,  efforts  to  attach  a 
trlmelhylallyl,  terl-butyidimethylsilyl,  or  a  tert-bulyidiphenylsllyl  (Reference  17) 
group  to  2  failed. 

With  a  number  of  I,4  dl6ub8tlluted  difurazanopiperazines  in  hand,  we  began 
Investigating  their  conversion  to  the  target  nilramlne  1.  Because  26c  was  the 


■  benzyl,  p-meihoxybenzyl,  or  Isopropyl 
NITROLYSIS 


1 


R  ■  benzyl,  p  mothoxybenzyl 
DEBENZVLATION  ' 


1 


^  aR-lCaH; 

2Sa,  c,  a  c  fl-CoHsCHz 

d  R  •  4-CH3CX;6H4CH2 


edsleit  to  synthesize,  we  clioso  to  invesllgete  this  compound  first.  Difurazan  26c  was 
seen  as  u  protected  amine,  if  debonzyiation  (Reference  5)  could  be  achieved,  the  parent 
amine  9  could  then  be  nitrated  to  the  nllramine  1.  Unfortunately,  26c  showed  no 
evidence  ol  debenzylatlon  using  Pd/C  in  ethyl  acetaie,  methanol,  or  acetic  acid.  Platinum 
oxide  (PIO2;  In  acetic  add  was  more  encouraging.  Alter  1  to  2  weeks  under  hydrogen  at 
60  psi,  the  parent  amine  5  may  have  formed  as  evidenced  by  a  broad  singlet  in  the 
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NMR  spec-trum  at  7.0  ppm  (acetone  d-e)-  Also  in  the  reaction  mixture  was  a 
significant  amount  of  28.  There  was  a  competition  between  the  desired  hydrogenolysis 
of  the  benzyl  groups  and  hydrogenation  of  the  aromatic  ring.  Attempts  to  purify  the 
mixture  resulted  in  isolation  of  28  and  loss  of  5.  Using  recrystallization  and 
chromatography  methods,  we  failed  to  isolate  a  pure  sample  of  5  which  appeared  to  be 
labile  under  the  conditions  employed. 


26c 


Because  PtOs  was  not  adequate,  the  catalyst  was  changed  to  Pd(OH)2  in  acetic 
acid.  As  before,  the  hydrogenolysis  reqi-'rea  a  lengthy  reaction  period  of  at  least  2  weeks 
at  so  psi  of  Hg.  The  reaction  yielded  a  mixture  of  at  least  two  different  compounds  which 

we  believe  to  be  the  amine  5  and  the  bis-acetyl  derivative  29.  The  NMR  (acetone 
d-6)  showed  a 


26c 


broad  singlet  at  7.0  ppm  for  the  amine  and  a  sharp  singlet  at  2.0  ppm  for  the  diacetyl 
methyl  hydrogens.  Further  evidence  for  29  was  the  infrared  (IR)  spectrum  which 
showed  a  carbon/I  absorption  at  1700  cm'’  (KBr)  and  an  M+  at  250  in  the  mass 
spectrum  (molecular  weight  of  29  is  250).  The  crude  reaction  mixture  once  again  was 
difficult  to  separate.  We  were  unable  to  purify  the  individual  components.  Addition  of 
electron-donating  substituents  to  the  phenyl  ring,  i.e.,  p-methoxy  (26d),  or  increasing 
the  reaction  temperature,  tailed  to  improve  the  hydrogenolysis.  Efforts  to  attach  a 
different  electron  donating  group  to  the  ring  such  as  p-dimethylamino  as  outlined  in 
Scheme  8  failed.  Although  the  properly  substituted  diaminofurazan  could  be  made,  the 
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yield  was  very  low  after  laborious  purification.  Another  route  to  attach  an  electron- 
donating  amine  group  is  also  shown  in  Scheme  9.  The  nitro  groups  of  26g  attached  to  the 
phenyl  ring  should  reduce  readily  with  hydrogen/catalyst  to  amino  groups  (forming 

SCHEME  9 


26g  26h 


26h)  which  would  possibly  activate  the  ring  toward  hydrogenolys’s.  Unfortunately,  as 
with  the  dimethylamino  group  (9f),  the  substituted  furazan  formed  only  in  very  low 
yield  making  both  of  these  routes  unviable. 

Olhe.  methods  of  debenzylation  that  were  attempted  on  26c  and  d  which  also 
failed  were  2,2,2-trichloroethylchloroformate/NaHC03  in  chloroform  (Reference  18), 
NaH2P02/Pd(0H)2  (Reference  19),  ammonium  formate/Pd/C  (Reference  20),  and 
photolysis  (Reference  21). 

The  resistance  to  hydrogenolysis  is  perplexing.  In  an  effort  to  gain  a  better 
understanding  of  this  problem,  an  X-ray  crystal  structure  was  obtained  of  26c. 
Suitable  crystals  for  analysis  were  grown  from  ethyl  acetate.  Figure  2  shows  the  result. 
A  model  of  26c  predicts  the  piperazine  nitrogens  to  be  pyramidal.  However,  as  seen 
from  the  X-ray  structure,  this  is  not  the  case.  With  the  exception  of  the  benzene  rings, 
the  molecule  is  entirely  planar.  Clearly,  the  strong  electron  withdrawing  effects  of  the 
furazan  rings  delocalizes  the  electron  pairs  of  the  piperazine  nitrogens.  These  amide¬ 
like  nitrogens  no  longer  resemble  sp3  hybridization,  but  rather  sp2,  which  accounts  for 
the  lack  of  reactivity  (Reference  22). 


1  5 


FIGUR 
and  Ai 


NWC  TP  6984 


Since  a  mixture  of  the  amine  5  and  diamide  29  was  thought  to  be  avaiiabie, 
although  in  poor  yield  and  purity,  a  number  of  nitiation/nitrolysis  experiments  were 
conductrd  in  an  effort  to  isolate  the  target  nitramine  1.  When  the  crude  reaction 
mixture  of  the  debenzylation  of  26c,  which  may  have  contained  5  and  29,  was  treated 
with  25%  N2O5/HNO3  at  0®C,  an  off-white  amorphous  solid  resulted  which  detonated 
upon  impact  using  a  simple  hammer  and  anvil  test.  The  mass  recovery  of  material  was 
low  and  a  pure  sample  of  any  one  compound  could  not  be  obtained.  Attempts  to  purify  the 
mixture  using  chromatography  (silica  gel,  florisil,  HPLC  reverse  phase  C*18)  and 
recrystallization  all  failed.  The  crude  amine/amide  mixture  was  also  treated  with 
nitronium  telrafluoroborate  in  acetonitrile.  As  before,  no  identifiable  products  were 
isolated  from  the  complex  reaction  mixture.  Similar  results  were  found  when  the 
acetate/amine  mixture  was  treated  with  nitrous  acid  in  an  effort  to  generate  the 
nitrosoamime  (30)  which  might  then  be  oxidized  to  the  target  nitramine  as  illustrated. 


Direct  nitrolysis  of  26c  was  also  attempted.  When  26c  was  treated  with  N2O5/ 
HNO3  the  reaction  mixture  turned  dark  blue  in  color.  Upon  quenching  with  ice  and 
neutralizing  with  NaHCOa,  no  identifiable  products  were  found.  Decomposition  also 
occurred  with  26d  when  treated  with  N2O5/HNO3. 


Numerous  nitrolyses  were  also  tried  on  26a.  Although  literature  precedent 
exists  for  such  transformations  (Reference  9),  we  were  unsuccessful  In  all  attempts. 
Reagents  which  were  tried  under  a  variety  of  conditions  were 

1.  100%  HNO3, 

2.  100%  HN03,'NH4N03/acetic  anhycl'idt'.  and 

3.  25%  N2O5/HNO3. 

The  only  products  isolated  from  these  reactions  were  unreacted  starting  material  and 
small  amounts  of  the  diketone  31.  The  reactions  were  quenched  with  water,  which 
probably  hydrolyzed  26a  to  31. 
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A 


31 

Since  the  piperazine  nitrogens  of  this  system  resemble  hybridization  in  an 
eiectron>poor  environment,  it  was  thought  possible  to  form  nitrogen  anions.  This  was 
seen  as  a  way  to  further  derivatize  26.  Using  26a  as  starling  material,  the  route  shown 
In  Scheme  10  was  investigated.  If  26a  were  treated  with  a  strong  base,  i.e., 

SCHEME  10 


1 


alkyl  lithium,  we  believed  an  E2  type  of  elimination  would  occur  as  shown  above.  The 
resulting  doub'e  N  anion  could  then  be  quenched  with  an  elecirophile.  Our  first  choice  of 
electrophile  was  a  chlorosllane.  If  an  N-silyl  derivative  were  synthesized,  treatment 
with  nllronium  totrafluoroborate  (Reference  16)  should  yield  the  desired  nitramine  1. 
Compound  26a  proved  to  be  Inert  to  n-butyl  lithium.  A  reaction  occurred  only  when 
lert-butyl  lithium  was  used  in  a  ton-fold  excess  in  THF,  HMPA,  and  TMEDA  at  -TS’C. 
Attempted  allylatlon  using  trimethylsilyt  chloride,  tert-butyldlmethylsilyl  chloride,  or 
ten  butyldlmethylsllyl  trlflale  failed  to  yield  the  desired  produc  .  We  believe  a  reac¬ 
tion  did  take  place  because  no  starting  material  was  recovered  and  the  ^  H  NMR  spectrum 
of  the  crude  reaction  mixture  exhibited  the  7.0  ppm  signal  (acetone)  which  we  assigned 
to  the  parent  amine.  Efforts  to  Isolate  the  amine  led  to  decomposition.  This  route  was  not 
pursued  further. 
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Another  attempt  to  synthesize  nitramine  1  is  outlined  in  Scheme  11.  As  seen 
here,  if  26c  could  be  oxidized  to  the  dibenzoyi  derivative  32  then  two  alternate  path¬ 
ways  to  1  would  be  available.  Either  direct  nitrolysis  or  hydrolysis  followed  by 
nitration  would  yield  1.  Unfortunately,  ail  oxidation  attempts  failed.  Using  pyridinium 


SCHEME  11 


26c 


Jones' 

Reagent 


chlorochromate  (Reference  23)  or  Jones’  reagent  (Reference  24)  yielded  only 
unreacted  starting  material. 


We  also  attempted  to  generate  1  as  seen  in  Scheme  12.  Dianilinofurazan  (33) 
(Reference  25)  when  treated  with  base  followed  by  cyanogen  oxide  (3)  was  expected  to 


SCHEME  12 
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35 


HNO3/H2SO4 


1 


yield  dioxime  34.  Subsequent  dehydrative  ring  closure  would  give  difurazanopiperazine 
35.  This  compound  when  oxidized  with  OSO4  or  RuOa  should  give  diacid  36  which  upon 
decarboxylation/nitrolysis  would  yield  1.  An  alternative  treatment  for  35  would  be 
conversion  to  37  via  direct  nitration.  However,  no  condensation  was  observed  between 
33  and  3.  A  wide  variety  of  bases  and  reaction  conditions  were  attempted  with  no  sign  of 
success. 


SUMMARY 


This  work  has  resulted  in  the  synthesis  of  a  new  ring  system.  1,4- 
disubstituted[3,4-b]-[3,4-e]difurazanopiperazine,  a  direct  precursor  to  the  very 
energetic  dinitramirie  1 ,4-dinitroI3,4-bI-l3.4-e)difurazanopiperazine.  However, 
attempted  conversion  of  a  number  of  promising  precursors  to  the  highly  desirable 
nitramine  1  was  unsuccessful.  Based  on  our  results,  compound  1  and  its  precursor 
diamine  5  appear  to  be  acid-sensitive,  labile  substances.  Similar  difurazans  have 
demonstrated  acid  sensitivity.  The  tetranitramine  1 ,4,5, 8-tetranitro-i  ,4,5,8- 
tetraazadifurazano-(3,4-cl-(3,4-h]decalin.  38,  readily  decomposes  on  standing  in  the 
presence  of  atmospheric  moisture  (Reference  26).  This  result,  in  addition  to  our 
work,  may  indicate  that  very  electron  deficient  difurazans  are  simply  too  hydrolytically 
unstable  to  be  of  any  practical  use  as  energetic  materials. 
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EXPERIMENTAL  SECTION 


Melting  points  were  determined  in  capillary  tubes  with  a  Buchi  510  melting 
point  apparatus.  Infrared  spectra  were  recorded  with  a  Perkin-Elmer  137,  1330,  or  a 
Nicolet  7199  Fourier  transform  instrument.  Proton  and  carbon  magnetic  resonance 
spectra  were  recorded  with  a  Nicolet  WB200  or  IBM  NR80  instrument.  High  pressure 
liquid  chromatography  (HPLC)  analyses  were  done  on  a  Perkin-Elmer  Series  400  liquid 
chromatograph  using  C-18  reverse  phase  columns.  Elemental  analyses  were  done  by 
Galbraith  Laboratories  of  Knoxville,  Tenn.  Mass  spectra  were  recorded  on  a  Hewlett- 
Packard  Model  5985  instrument.  Exact  mass  spectra  analyses  were  done  by  the 
University  of  California,  Riverside  Mass  Spectroscopy  Center. 


GENERAL  PROCEDURE  FOR  THE  PREPARATION  OF  SUBSTTrLfTED 
AMINO  GLYOXIMES  5  AND  8 

The  appropriate  amine  (4  eq)  and  dichloroglyoxime  (l  eq)  were  mixed  in  THF. 
A  thick  precipitate  immediately  formed.  The  resulting  slurry  was  refluxed  for  2  hours, 
cooled,  and  the  amine  salts  were  separated  by  filtration.  The  solvent  of  the  mother 
liquor  was  removed  under  reduced  pressure  to  yield  the  crude  substituted  amino 
glyoximes  as  yellow  solids  which  were  recrystallized  from  ethanol/water  mixtures. 
Properties  of  the  four  compounds  synthesized  are  given  below. 


N.N'-DiiSQDroDvIdiaminoQlvoxime  (Sat 

1H  NMR  (acetone)  5  8.95  (br  s,  2  H).  5.09  (d,  J  =  9.7  Hz,  2  H),  3.62  (m, 
2H).  1.14  (d,  J  =  6.4  Hz,  12  H);  ’^C  NMR  147.7,  45.1,  24.5;  IR  (KBr)  3550, 
3200  (bro?^  ,  2950,  1650.  1610,  1450,  1370,  1150;  mp  210  to  21?°C.  Analysis 
calculated  for  C8H18N4O2;  C,  47.50;  H,  8.97;  N,  27.71.  Found:  C.  47.46;  H.  9.00;  N, 
27.45. 
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N.N'-DicvclQhflxyldiaminQQlyQxime  iBh) 

1H  NMR  (OMSO)  6  9.50  (S.  2  H),  5.34  (d,  J  =  9.9  Hz.  2  H),  3.05  (br,  s, 
2H).  1.75  (m.  20  H):  13c  NMR  24.7.  24.8,  34.3.  51.0.  146.5;  IR  (KBr)  3300 
(broad),  2900,  1630,  1475,  1425,  1140,  960,  930;  mp  209  to  211°C.  Analysis 
calculated  for  C22H3ON4O2:  C.  69.08;  H.  7.91;  N.  14.65.  Found:  C,  69.12;  H,  7.88; 
N.  14.61. 


N.N'-DiiSQprQpyl-N.N'-dibenzYldiafTimQolyoxime  (12a) 

1H  NMR  (acetone)  6  9.3  (br  s.  2  H).  7.3  (m,  10  H).  4.38  (d.  Ja  =  15.6. 
2  H).  4.14  (d,  Jb  -  15.6,  Jab  =  19-2.  2  H).  3.68  (septet,  J  =  6.7,  2  H),  1.06  (d. 
Ja  =  6.7.  6  H).  1.19  (d,  Jb  =  6.7.  Jab  =  25.  6  H);  IR  (KBr)  cm  i  3320.  2900, 
1625.  1450,  1370,  1175,  980,  935;  mp  133  to  135°C.  Analysis  calculated  for  C, 
69.08;  H,  7.91;  N.  14.65.  Found:  C,  69.12;  H.  7.88;  N.  14.61. 


N.N'-DicvcIohexvI-N.N'-dibenzvIdiaminoQlvQxime  f  1 2b1 

1H  NMR  (acetone)  splitting  patterns  are  apparent,  5  7.93  (s,  2  H),  7.25  (m. 
10  H),  4.35  (d  of  d,  AB  quartet,  Ja  =  15.5  Hz,  Jab  -  51 .6  Hz  4  H),  3.31  (m.  2  H). 
1.4  (m,  20  H);  IR  (KBr)  3350,  3050,  2900,  1640,  1450,  1050,  940;  mp  155  to 
157°C.  Analysis  calculated  for  C28H38N4O2H2O:  C.  69.96;  H,  8.40;  N,  1 1.66.  Found: 
C.  70.29;  H,  8.52;  N.  11.91. 


PREPARATION  OF  N,N’-DIISOPROPYL-3.4-DIAMINOFURAZAN  (9a) 

Sodium  borohydride  (15.2g,  400  mmol)  was  added  in  portions  over  1/2  hour 
to  a  stirring  solution  of  3.4-diaminofurazan  (2.0  g.  20  mmol)  in  acetone  (40  mL) 
and  glaciai  acetic  acid  (120  mL)  at  0''C.  The  resulting  thick  white  slurry  was  slowly 
allowed  to  warm  to  ambient  temperature  and  stirred  a  total  of  18  hours.  Water 
(250  mL)  was  added,  and  the  clear  solution  was  extracted  with  ethyl  acetate  (3  x 
100  mL).  The  combined  organic  layers  were  neutralized  with  solid  sodium  bicar¬ 
bonate,  washed  with  water  (100  mL).  brine  (100  mL).  and  dried  (MgS04).  Solvent 
was  removed  under  reduced  pressure  to  afford  crude  9a  as  an  oily  white  solid  which  was 
recrystallized  from  ethyl  acetate/hexane  (2.17  g  as  white  needles,  mp  83  to  85’C, 
59%  yield).  1H  NMR  (acetone)  6  5.1  (br  s.  2  H).  3.61  (m,  2  H).  1.19  (d.  J  -  6.4 
Hz)  12  H;  13c  NMR  149.1,  45.8,  21.8;  IR  (KBr)  3300,  2950,  1600,  1575.  1370, 
1175,  820.  Analysis  calculated  for  C8H16N4O:  C,  52.14;  H,  8.77;  N,  30.41.  Found; 
C.  51.90;  H.  8.72;  N.  30.28. 
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PREPARATION  OF  N.N’-DIBENZYL-3,4-DIAMINOFURAZAN  (9c) 

3.4-Dlamlnofura2an,  2,  (2  g,  20  mmol),  benzaldehyde  (4.1  mL,  40  mmol), 
and  p-toluenasulphonlc  acid  (10  mg)  were  mixed  In  benzene  and  heated  at  reflux  under 
nitrogen  In  a  Dean-Stark  apparatus  for  18  hours.  The  yellow  solution  was  then  cooled 
to  ambient  temperature  and  solvent  was  removed  under  reduced  pressure.  The  oily 
yellow  solid  was  dissolved  In  THF  (100  mL)  and  methanol  (30  mL);  sodium 
borohydride  (6  g)  was  carefully  added  over  a  period  of  20  minutes  to  the  stirring 
solution  at  room  temperature.  Once  the  addition  was  complete,  the  resulting  mixture 
was  stirred  for  18  hours  then  quenched  with  1  M  HCI  (100  mL)  and  extracted  with 
ethyl  acetate  (3  x  50  mL).  The  organic  layers  were  combined  and  washed  with  water 
(100  mL),  saturated  sodium  chloride  (50  mL),  and  dried  (MgS04).  The  solvent  was 
removed  under  reduced  pres-sure  to  yield  a  white  oily  solid  which  was  recrystallized 
from  ethyl  acetate/hexane  to  afford  4.1  g  of  the  desired  material  as  white  needles  (mp 
109  to  lire,  73%  yield).  '•H  NMR  (200  MHz,  CDCI3)  7.28  (s,  10  H),  4.31  (d,  J  = 
5.1  Hz,  4  H)  4.13  (br  s,  2  H);  ^3C  NMR  149.8,  137.5,  128.6,  127.9,  127.7.  48.7; 
IR  (KBr)  3370,  3300,  3027,  2921,  1620,  1594,  1495,  1253,  742,  700.  Analysis 
calculated  for  Cl  6H16N4O;  C.  68.55;  H,  5.75;  N,  19.99.  Found:  C.  68.64;  H,  5.78;  N, 
19.95. 


PREPARATION  OF  3,4-BIS(p-METHOXYBENZYLANILINO)-3,4-DIAMINOFURAZAN  (9d) 

Preparation  for  9d  is  the  same  as  for  9c  (22%  yield).  ''H  NMR  (200  MHz, 
acetone  d.e)  6  7.29  (d.  Ja  =-  8.5.  4  H),  6.85  (d,  Jb  -  8.5,  4  H),  (Jab  =  87.6),  4.6 
(br  s.  2  H),  4.32  (d.  J  =  8.5,  4  H).  3.75  (s.  6  H);  13C  NMR  160.0,  150.6,  131.5, 
130.1,  114.6,  55.2  48.4;  IR  (KBr)  cm-"'  3420,  3000,  2920,  1620,  1560,  1500, 
1260,  1060,  810;  mp  149  to  15rC.  Analysis  calculated  for  C18H20N4O2:  C,  63.50; 
H,  5.93;  N,  16.46.  Found:  C,  63.43;  H,  6.04;  N,  16.46. 


PREPARATION  OF  N,N’-(p-TOHJENESULFONYL)-3,4-DIAMINOFURAZAN  (9e) 

Tosyl  chloride  (3.82  g,  20  mmol)  in  dry  pyridine  (20  mL)  was  added  dropwise 
to  a  stirring  solution  of  3,4-diaminofurazan  (1  g,  10  mmol)  in  dry  pyridine 
(20  mL)  at  0®C  under  N2.  resulting  in  a  yellow  mixture  which  was  slowly  warmed  to 
ambient  temperature  and  stirred  overnight.  The  yellow  suspension  was  then  poured  into 
H2O  (50  mL)  and  extracted  into  ethyl  acetate  (3  x  50  mL).  Organic  layers  were 
combined  and  washed  with  H2O  (75  mL),  saturated  sodium  chloride  (50  mL),  dried 
(MgS04),  and  solvent  removed  under  reduced  pressure  to  yield  a  yellow  oil  and  solid 
which  was  recrystallized  from  95%  ethanol  (3  x)  to  yield  610  mg  of  9e  (15%.  mp 
136  to  138'’C)  as  white  crystals. 

1H  NMR  (acetone  d-e)  5  7.5  m  (AA’BB*  pattern)  8  H,  5.5  (br  s  2  H),  2.40  (s 
6H):  13c  NMR  (acetone  d-e)  156.4.  147.4,  135.6,  130.7,  129.7,  21.6;  IR  (KBr) 
3420,  3100,  2910,  1630,  1590,  1390,  1120,  MS  408  (M+).  153  (100%),  91. 
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Analysis  calculated  for  C16H16N4O5S2:  C,  47.04;  H,  3.96;  N,  13.72.  Found:  C,  46.64; 
H,  3.94;  N,  13.65. 


PREPARATION  OF  1.4-DIBEN2YL-5.6-DIKETO[3.4-b]FURAZANOPIPERAZINE  (16c) 

N,N'-Dlbenzyl-3,4-dlamlnofurazan  (100  mg,  0.4  mmol)  in  dry  benzene 
(10  mL)  was  added  via  a  syringe  pump  to  a  stirring  soiution  of  oxaiyi  chioride 
(0.05  mL,  0.5  mmol)  and  sodium  bicarbonate  in  dry  benzene  (20  mL)  at  ambient 
temperature  under  nitrogen  over  13  hours.  Once  the  addition  was  complete,  the 
resulting  solution  was  stirred  an  additional  5  hours.  Solvent  was  removed  under 
reduced  pressure.  Water  (10  mL)  was  added  to  the  residual  solid  and  then  extracted 
with  ethyl  acetate  (3x15  mL).  The  combined  organic  layers  were  washed  with  water 
(10  mL),  brine  (10  mL),  and  dried  (MgS04).  Solvent  was  removed  under  reduced 
pressure  to  afford  100  mg  of  16c  (mp  189  to  190‘‘C,  75%  yield)  as  a  light  yellow 
solid  which  could  be  further  purified  by  recrystallization  from  ethyl  acetate/hexane. 

NMR  (CDCl3)6  7.6  (m,  10  H),  5.19  (s,  4  H);  NMR  151.7,  143.5,  133.3, 
129.7,  129.0,  128.9,  48.7;  IR  (CHCI3)  3020,  1720,  1590,  1320,  1210,  1200, 
690,  670.  Analysis  calculated  for  C18H14N4O3:  C,  64.66;  H,  4,22;  N,  16.76.  Found: 
C,  64.62;  H,  4.21;  N,  16.76. 


PREPARATION  OF  1,4-DINITROSO(3,4-blFURAZANOPIPERAZINE  (21) 

Concentrated  HCI  (4  mL)  was  added  dropwise  to  a  stirring  solution  of  furazano* 
[3,4-b]piperazine,  20  (1.0  g,  8  mmol),  and  sodium  nitrite  (1.24  g,  18  mmol)  in 
H2O  (50  mL)  at  OO^C.  A  thick  yellow  solid  formed,  which  was  stirred  at  60*^0  for 
50  minutes  and  then  cooled  to  O^’C  for  an  additional  45  minutes,  collected  by  suction 
filtration,  and  recrystaliized  from  warm  benzene  to  yield  1.0  g  of  1,4-dinitroso- 
furazano[3,4-b]piperazine  as  yellow  plates  (mp  93  to  95®C,  68%  yield).  iH  NMR 
(200  MHz)  in  acetone  d-s,  broad  singlet  at  4.29  ppm  (major  conformer),  two  minor 
conformers  seen  as  broad  singlets  at  5.20  and  4.49  ppm;  ''^c  NMR  (acetone  d-e,  major 
conformer)  39.28,  144.51  ppm;  IR  (KBr)  cm'^  3000  (w),  1630  (s),  1560  (s), 
1500  (s),  1400  (s),  1350  (s),  1075  (s).  Analysis  calculated  for  C4H4N6O3:  C, 
26.09;  H.  2.19;  N,  45.65.  Found:  C,  26.08;  H,  2.25:  N,  45.72. 


PREPARATION  OF  1 ,4-DIBEN2YL-5.6-DIOXIMINO[3,4-b]FURAZANOPIPERAZINE 
(14c) 


n-Butyl  lithium  (1.6  M  in  hexane,  21.6mL,  35  mmol)  was  added  dropwise  to 
a  stirring  solution  of  N,N'-dibenzyl-3,4-diaminofurazan,  9c  (2.42  g,  8.6  mmol),  in 
THF  (100  mL)  at  -78“C  under  nitrogen.  After  1  hour,  dichloroglyoxime  (1.35  g, 
8.6  mmol)  in  THF  (25  mL)  was  added  rapidly  in  one  portion,  also  at  -78''C.  The 
solution  immediately  turned  dark  red  orange  in  color.  After  stirring  1  hour  at  -78°C 
and  2  hours  at  room  temperature,  the  dark  red  solution  was  poured  onto  1  M  NaH2P04 
(100  mL)  and  extracted  into  ethyl  acetate  (3  x  50  mL).  The  combined  organic  layers 
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were  washed  with  water  (100  mL),  brine  {100  mL),  and  dried  (MgS04).  Solvent  was 
removed  under  reduced  pressure  to  afford  10  as  a  light  yellow  solid  which  was 
recrystallized  from  warm  benzene  (1.3  g,  42%  yield,  mp185  to  186®C).  ''H  NMR 
(DMSO)  mixture  of  conformers,  8  11.93  (s),  11.82  (s).  11.78  (s  (very  small)), 
7.31  (br  s),  5.29  (s),  4.98  (s);  IR  (KBr)  3200  br,  1650,  1600,  1490,  1440, 
1360,  1060,  950,  840;  Mass  Spec  364  (M+).  347  (*OH),  346  (-H2O),  91  (100%). 
Analysis  calculated  for  CisHieNeOa:  C,  59.33;  H,  4.43;  N,  23.07.  Found:  C,  59.35; 
H,  4.42;  N,  23.10. 


PREPARATION  OF  14d 

Preparation  of  I4d  is  the  same  as  for  I4c.  NMR  (80  MHz,  acetone  d-e)  2 
conformers  seen  8  12.0  (br  s,  2  H),  7.25  (m),  6.75  (m),  5.38  (s),  4.87  (s),  benzyl 
-CH2-.  3.67  (s,  -OCH3);  IR  (KBr)  cm-f  3200,  3005,  2950,  1595,  1510,  1380, 
1260;  mp  195  to  197°C,  Exact  mass  (chemical  ionization  using  isobutane)  calculated, 
425.1573;  found,  425.1567. 


PREPARATION  OF  1 ,4-DIISOPROPYL*5,6-DIOXIMINO[3,4-blFURAZANOPIPERAZINE 
(14a) 

n-Butyl  lithium  (1.6  M  in  hexane,  20.3  mL,  32.6  mmol)  was  added  dropwise 
to  a  stirring  solution  of  N,N'-diisopropyl-3,4-diaminofurazan  (17)  (1.50  g, 
8.2  mmol)  in  THF  (75  mL)  at  -78®C  under  nitrogen.  After  1  hour,  dichloroglyoxime 
(1.27  g,  8.2  mmol)  in  THF  (15  mL)  was  added  rapidly  in  one  portion.  The  solution 
immediately  turned  dark  red  in  color.  After  stirring  1  hour  at  -78®C  and  2  hours  at 
ambient  temperature,  the  dark  red-brown  solution  was  poured  onto  1  M  NaH2P04 
(100  mL)  and  extracted  into  ethyl  acetate  (3  x  50  mL)  The  combined  organic 
extracts  were  washed  with  water  (100  mL),  brine  (100  mL),  and  dried  (MgS04). 
Solvent  was  removed  under  reduced  pressure  to  give  18  as  a  dark  yellow  solid  which 
was  recrystallized  from  warm  benzene  (0.45  g,  20%  yield,  mp  151  to  153°C).  ‘'H 

NMR  (acetone)  8  12.0  (br  s,  2  H),  4.6  (septet,  J  =  6.4  Hz,  2  Hz),  1.41  (d,  J  = 
6.4  Hz,  12  H);  IR  (KBr)  3200  (broad),  2900,  1650,  1600,  1560,  1450,  1370, 
1040,  930,  910;  exact  mass  calculated,  268.1284;  found,  268.1277. 


PREPARATION  OF  1 ,4-DIBENZYL[3,4-b]DIFURAZANOPIPERAZINE  (26c) 

1 ,4-Dibenzyl-5,6-dioximinofurazanopiperazine  (14c)  (1.14g,  3.1  mmol) 
was  added  in  one  portion  to  a  stirring  solution  of  sodium  hydroxide  (0.12  g,  3.1  mmol) 
in  ethylene  glycol  (10  mL)  at  150'’C.  After  2  hours,  the  solution  was  cooled  and  water 
(20  mL)  was  added.  There  was  an  immediate  formation  of  precipitate.  After  cooling  to 
0°C  for  1  hour,  26c  was  collected  by  vacuum  filtration  as  an  off-white  solid  (0.60  g, 
56%  yield,  93%  yield  based  on  recovered  starting  material,  mp  170  to  175°C,  dec). 
After  the  mother  liquor  stood  for  3  days,  a  white  solid  (0.46  g),  starting  material 
(14c),  was  recovered.  iH  NMR  (acetone)  6  7.5  (m,  10  H),  5.02  (s,  4  H);  NMR 
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148.7,  135.3.  129.6,  129.5,  129.2,  52.5;  IR  (KBr)  3000,  2990,  1640,  1600, 
1390,  1350,  960;  Mass  Spec  346.  91  (100%).  Analysis  calculated  for  CisHuNeOa: 
C.  62.41;  H.  4.08;  N.  24.27.  Found:  C,  62.29;  H,  4.11;  N,  24.12. 


PREPARATION  OF  1.4-DIISOPROPYL(3.4-blDIFURAZANOPIPERAZINE  (26a) 

1,4-Diisopropyl-5.6-dioximinofurazanopiperazine  (18)  (0.28  g,  1.04 
mmol)  was  added  in  one  portion  to  a  stirring  solution  of  sodium  hydroxide  (42  mg, 
1.04  mmol)  in  ethylene  glycol  (5  mL)  at  150“C.  After  2  hours  at  150®C,  the 
solution  was  cooled  to  ambient  temperature,  water  (10  mL)  was  added,  and  the 
resulting  slurry  cooled  to  O^’C  for  1  hour.  1.4-Diisopropyldifurazanopiperazine  was 
collected  by  vacuum  filtration  as  an  off-white  solid  (190  mg,  73%  yield,  mp  159  to 
lOrC).  fH  NMR  (acetone)  5  4.45  (septet,  J  «  6.4  Hz.  2  H),  1.40  (d,  J  =  6.4  Hz, 
12  H);  13c  (acetone)  147.8,  53.2,  18.4;  IR  (KBr)  2900,  1625,  1590,  1370, 
1050,  820;  Mass  Spec  250  (M+),  166  (100%).  Exact  mass  calculated,  250.1178; 
found.  250.1188. 


PREPARATION  OF  1 .4-p-METHOXYBENZYL-[3.4-b]-[3,4-e]- 
DIFURAZANOPIPERAZINE  (26d) 

The  preparation  of  26d  is  the  same  as  for  26c  (70%  yield),  NMR 
(80  MHz.  DMSO  d-e)  6  7,55  (d.  (Ja  -  10.  4  H),  6.95  (d,  Jb  *  10,  Jab  •=  32,  4  H), 
4.90  (s.  4  H),  3.70  (s,  6  H);  13c  159.0,  147.2,  129.3,  125.6,  113.8,  54.8,  50.6; 
IR  (KBr)  cm-1  3020,  2910,  1580,  1505,  1250,  1175,  1030,  810;  mp  187  to 
188“C.  Exact  mass  calculated,  406.1389;  found,  406.1382. 


PREPARATION  OF  1 ,4-CYCLOHEXYLMETHYLENE-[3,4-b]-(3,4-e]- 
DIFURAZANOPIPERAZINE  (2T/ 

1 ,4-Dibenzyl(3,4-b]-[3,4-e]difurazanopiperazine  (26c)  (230  mg, 

0.7  mmol)  was  dissolved  in  glacial  acetic  acid  (10  mL).  Platinum  oxide  (10  mg)  was 
added  and  the  mixture  was  placed  on  a  Parr  hydrogenation  apparatus  at  room 
temperture,  50  psi  hydrogen  pressure  for  4  days.  The  mixture  was  celite  filtered  and 
partitioned  between  CHCI3  (100  mL)  and  H2O  (30  mL).  The  CHCI3  layer  was 
neutralized  with  aqueous  sodium  bicarbonate,  washed  with  brine  (25  mL),  and  dried 
{MgS04).  Solvent  was  removed  under  reduced  pressure  yielding  an  o-ff  white  solid 
075  mg),  which  was  purified  by  silica  gel  chromatography  (eluted  with  30%  ethyl 
acetate-hexane).  Compound  28  was  isolated  as  a  white  solid  (50  mg,  20%).  1H  NMR 
(80  MHz,  CDCI3)  5  3.71  (d,  J  =  7.2,  4  H),  2.2  (m,  2  H),  1.75  (m,  10  H),  1.2  (m, 
10  H);  13c  NMR  147.1,  54.6,  35.1,  30.5,  26.1,  25.5;  IR  (CH2CI2)  cm'l  2920, 
2850,  1670,  1580,  1320,  915,  870,  835;  mp  222  to  223°C  Analysis  calculated  for 
C18H26N6O2:  C,  60.30;  H,  7.32;  N,  23.45.  Found:  C,  60.30;  H,  7.38;  H,  23.28. 
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